This study is a preliminary quantitative analysis of prosodic features of Māori from three groups of male speakers from different generations. It has been argued that under the influence of English the prosody of Māori has undergone drastic changes over the last century which in earlier studies have been studied impressionistically and also perceptually. In the current study we first determined the most frequent syllabic structures of words of Māori, extracted phrases that embed frequent words from the MAONZE corpus and then applied the quantitative Fujisaki model to the decomposition of F0 contours. This allows a comparison of the three subcorpora on the global level, but also with respect to the F0 contours of individual target words. Our findings indicate a significant difference between young speakers on one side and present-day and historic elders on the other. Older speaker seem to form larger intonational units than the younger ones in terms of the duration of accent commands. Their F0 range is also significantly larger. In contrast, syllabic durations are quite similar. Altogether our results show, that intonational gestures are decoupled from lexical word stress and rather serve a segmenting purpose on the phrase level. This is supported by our analysis of individual words whose F0 contours are usually flat and only affected by phrase stress.
Introduction
Māori is the only indigenous language of New Zealand. In the last 250 years it has gone from being the only language spoken in New Zealand to being an endangered language. The total population of New Zealand is now approximately 4.7 Million, some 600,000 of which are Māori [1] , and only 150,000 people can speak the language to some extent, and this includes non-Māori. The Māori were the first people to arrive New Zealand, this happened around 1200 onwards. Māori had no known contact with people speaking other languages until about 180 years ago when the colonization of New Zealand began in earnest. The colonists were predominantly from Britain and Ireland. 1860 was the point at which the English speaking Europeans became the majority in the population. By the late 20 th Century the number of fluent speakers of Māori had declined to the extent that the language was seriously threatened [2] . Revitalization efforts began in the mid 1970s, and this has led to an increasing number of first language speakers. However as there was a break in the intergenerational transmission of Māori [3] many of the young first language speakers learnt from those who are themselves second language speakers of Māori. All fluent Māori speakers are now at least bilingual.
The MAONZE project [4] [5] has been investigating sound change in Māori from a corpus of 60 bilingual speakers whose birthdates span over 100 years. The corpus comprises three speaker groups. The first group are the Historical Elders, born around the late 1800s, and recorded, for the most part, between [1946] [1947] [1948] , and also recorded between 2001-2010. In each of the three groups there are approximately the same number of men and women, with the young speakers being further divided into those who had an L1 speaker in their family and those who did not [12] . The phonology of Māori is reasonably straight forward. Syllables take the form (C)V(V(V)), they have an optional onset consisting of a single consonant, and a peak of up to three morae in length. Māori rhythm is usually described as mora-timed [7] , with a mora being defined as a short vowel plus any preceding consonant. Stress appears at the word and phrase levels [8] [9] . Word stress (WS) occurs on the heaviest available syllable within four mora from the end of the word. When all syllables are of equal weight within the four morae WS is on the first of these syllables. The syntactic phrase structure is a unit with up to three parts [9] . Thompson [10] summarized Biggs [9] further as, "an obligatory nucleus contains one or more content words (e.g. Noun+Adjective), and optional peripheries either side hold function words, all phrases have one 'phrase stress' (PS), the location of which depends on whether or not the phrase is sentence-final. In final phrases, the PS is expected to be the WS of the last content word. In non-final phrases, PS is expected on the penultimate mora of the phrase, which may differ from the content word WS position." The MAONZE project mainly focused on sound change of vowels and prosody, with the latter being of concern for the present study. Many of the changes are due to the impact of New Zealand English on Māori [12] . Despite anecdotal evidence that the rhythm of Māori has changed, sound change at the suprasegmental level has been more difficult to study, than at the segmental level. Rhythm metrics, such as the popular pair-wise Variability Index (PVI) did not work for Māori because of the long vowel sequences in the language [13] . A perceptual study which used speech-like stimuli with pitch and loudness features derived from recordings in the MAONZE corpus found that participants from New Zealand could distinguish between Māori and English on stimuli that contained only the pitch characteristics, non-New Zealand listeners could only do this when the stimuli contained both the pitch and loudness characteristics [14] . The stimuli contain exemplars from all three speaker groups, however only participants fluent in Māori could discern any difference between the three groups. The Māori from the Historical 9th International Conference on Speech Prosody 2018 13-16 June 2018, Poznań, Poland Elders was significantly better identified than that of the other two groups [5] . In a second set of perception experiments Thompson [10] [15] investigated the perception of prominence. She found that all listeners, regardless of their exposure to Māori, heard particularly syllables as being more prominent than others. These syllables did not always correspond to PS as defined by Biggs [9] and were more likely to be those with WS. Acoustic analysis of the vowels from the syllables perceived as prominent suggests that hyper-articulation may be a cue for prominence, but duration was not. Furthermore a sizeable number of these prominent syllables had an H* pitch accent [15] . No notable differences across the speaker groups was found. In the current study we perform a corpus-wise quantitative prosodic analysis to shed further light on the issue of intonational differences between the three generations of Māori speakers.
Speech Material and Analysis of Syllabic Word Structures
Following the idea that females are the first adopters of language changes, we concentrated on male speakers: (1) Historical Elders (henceforth HE) -ten subjects, (2) Presentday Elders (henceforth PE) -ten subjects, and (3) Young speakers with an L1 speaker in their family (henceforth L1Y) -5 subjects.
The main obstacle for a group-wise comparison is the fact that the recordings for the historical elders are from archival material and hence are spontaneous and uncontrolled. Consequently a direct sentence-wise comparison is impossible and therefore we decided to compare averaged prosodic parameters for sub-corpora and look at inter-speaker vs. intergroup differences. This requires a comparable size of data from each of the groups with sufficient and roughly equal contributions from different speakers within the groups. One could therefore have randomly selected equal durations of utterances from the three groups. The MAONZE database which contains over 60 hours of speech is stored in LaBB-CAT format [16] and segmented into 'lines of text' which can correspond to just single words, but also passages of up to 10 seconds. Furthermore, one typically searches for certain words in the database and is returned all lines which contain that word for the selected speakers.
As only a certain amount of material was required for a corpus-wise comparison we decided to extract lines that contained frequent words facilitating word prosody comparisons between speaker groups even if those words had been uttered in different contexts. Hence, we performed a word structure analysis of Māori based on the most frequent 2-4 syllable words in the database. Each of the 2-4 syllable words was assigned lexical stress using a software tool developed by the first author which segments a given Māori word into morae and syllables and assigns lexical stress based on the rules developed by Biggs [9] . This program was applied to the list of most frequent words in the MAONZE corpus and permitted to identify the most frequent words with different number and structures of syllables. For the MAONZE corpus we found 1266 words with ≥ 10 occurrences. Table 1 lists the 15 most frequent words, the number of occurrences, the syllabification indicating the stressed syllable by ", and associated syllable and mora sequences.
Based on the frequency analysis of words in the MAONZE corpus and aiming to cover different word structures (see right-most column in Table 1 ) and stress positions we examined which words had sufficient occurrences in the three data sets (HE, PE, L1Y) and selected 66 words for further analysis. te-e-ra-a CL-CL that roto "ro-to ro-to CS-CS inside ia "i-a i-a S-S he, she However, there are 35000+ occurrences of these 66 words in the database. Therefore we developed a tool that could randomly select N exemplars per group for each of the words. When a maximum of five exemplars per word -not all words reach that number -per group by different speakers each were extracted from the database, it yielded 760 of 2-4 syllable tokens with the surrounding phrases. As subsequent analysis required that parameters extracted were related to the underlying syllables, the aforementioned syllabification tool was expanded to create syllable labels and stress marks based on the pre-existing word and phone level segmentations, and output these in Praat [17] TextGrid format.
Method of Analysis
For the purpose of prosodic analysis we concentrated on the syllabic level and the fundamental frequency contours. As in many earlier studies of the first author, instead of taking raw measurements from the extracted F0 contours we apply the framework of the Fujisaki model [18] which approximates measured F0 contours by superimposing three components: (1) A constant base frequency Fb, (2) exponentially decaying phrase components which are the responses to impulse-wise phrase commands of magnitude Ap, and (3) accent components which are the smoothed responses to step-wise accent commands of amplitude Aa. Fb therefore indicates the F0 floor of the utterance, Ap expresses the amount of reset of the global slope of the F0 pattern at prosodic phrase onsets, and the accent command amplitudes Aa reflect the magnitude of local F0 gestures. Accent command onset time T1 and offset time T2 define the bounds of the local F0 movement. Since the model components are superimposed in the log F0 domain, the model also performs a normalization of the raw F0 contour and interpolates through unvoiced sections. This facilitates the comparison between different speakers and words of different segmental make-up. We extracted F0 contours at a step of 10ms using the Praat default method [17] and manually checked for correctness. Using an automatic method deriving Fujisaki model parameters from F0 contours [19] , the parameters can be estimated for a given utterance. Figure 1 shows an example of analysis of the utterance "Aroha Nenea nō Ngati Kahungunu" uttered by male PE speaker K010. The panel displays from the top to the bottom: The speech wave form, the F0 contour (extracted +++, modelled ---) the underlying impulse-wise phrase commands and box-shaped accents commands of the Fujisaki model. Syllable boundaries are indicated by dotted vertical lines and the phonetic content is represented in MAONZE corpus transcription. The utterance is preceded by a phrase command at t=-0.31s with phrase command magnitude Ap of 0.23 which resets the declination line at utterance onset. There is a phrase-break after "Nenea" associated with an additional smaller phrase command at t=0.786s with an Ap of 0.08. Local F0 movements are associated with accent commands at t=0.01, 0.34s, 0.87s and 1.38s, with the last being the highest, exhibiting an accent command amplitude Aa of 0.3. The relative timing of accent commands can be determined by relating T1 and T2 to the onset or offset time of underlying segments, that is, for instance, onset and offset times of stressed syllables. In our example in Figure 1 , for instance, the first accent command with T1=0.10 s precedes the onset of the underlying syllable [a*] by 10 ms. 
Results of Analysis
In order to gain a first insight into how the three generations differed, and due to the considerable amount of work involved we performed the Fujisaki modeling on a subset of the utterances containing three-and four-syllable target words, a total of 448 utterances aka lines from the MAONZE corpus, as we expected the longer words to exhibit more varied F0 contours. This sub-corpus contains a total of 8218 syllables, 2692 from the historical elders, 4089 from the present-day elders and 1437 from the young speakers. Fujisaki model parameter sets of each utterance and the respective syllable segmentations were automatically timealigned, assigning accent commands to the nearest stressed syllables, if present, otherwise to the syllable with the largest overlap with the current accent command. We first have a look at the syllable duration stats of the complete subcorpora (target words plus contexts), as speech rate is known to influence F0 contours. As can be expected, the syllable duration varies with syllable structure, as well as stress status. CS syllables are the most frequent in the corpus, followed by S and CL, and most words are stressed on the first syllable. Since long vowels usually attract stress it is obvious that stressed syllables are generally longer. However, for the same syllable type, the stress status does not seem to imply a significant lengthening. We need to consider, however, that the stress marking was performed automatically without taking account the actual realization of the words in the utterance. When we examine the syllabic durations depending on the group there is no significant difference (Table 2) , although the speech rate is higher for the youth than for the older talkers. This also applies to different syllable types. Kruskal-Wallis independent samples test shows no significant difference (p=.283). This result suggests that the three groups do not differ with respect to their timing properties. we see that it is higher for the historical elders (104.5 Hz) and the young speakers (102.4 Hz) than for the present-day elders (95.8 Hz). Fb reflects the lower limit of the F0 range of a given speaker. As represented by the Fujisaki model, the F0 pattern sits above the base frequency. Of course mean Fb depends on the specific speakers contributing to each group and therefore may not be considered to be associated with prosodic changes. We now have a look at the phrase component of the Fujisaki model. The phrase magnitude Ap reflects the amount of F0 reset observed at the onset of a new prosodic phrase and the mean distance between consecutive phrase commands expresses the duration of such prosodic phrases. As can be seen in Table 3 , mean Ap is significantly higher for the present-day elders and historical elders than for the young speakers (Kruskal-Wallis test of independent samples, p<0.01), despite the fact that the duration of prosodic phrases is quite similar (Kruskal-Wallis test, p=0.071). This reflects overall flatter F0 patterns for the young speakers than for the other two groups. (Table 4) . Mean accent command amplitude Aa is significantly higher for the historical elders and the presentday elders, indicating a larger F0 range used in the older groups. Furthermore, the historic elders on average produce longer accent commands than the other two. Kruskal-Wallis test of independent samples shows that these differences are significant (p < 0.01). The reader may be reminded that with each accent command, F0 rises at the beginning of the intonational gesture and falls afterwards. When more syllables are produced during the accent command, the gesture assumes a plateau shape as opposed to a peak shape for shorter accent commands (e.g. last accent command in Figure 1 ). Especially in many of the historical elders' utterances, F0 rises at the beginning of a prosodic phrase and remains high almost until the end of that phrase, resulting in longer underlying accent commands -see example in Figure 2 . Figure 3 shows an example for the word "kōrero". The graph is divided into three panels, the top one showing the exemplars for PE, the center one for HE, and the bottom one for L1Y. The exemplars are made identifiable by line color. As could be expected not all of the speakers in each group produced all of the single words examined. The F0 graphs are automatically time-scaled to the length of the graph and hence the contours are warped visually. What is quite striking is that most word F0 contours are extremely flat. Following Biggs' rules the first syllable is the lexically stressed one. However, this is not reflected in the F0 pattern. There are several contours that fall after the middle of the word. When we examine the prosodic context of these exemplars they are all in sentence-final position. The fall is therefore marking the utterance boundary irrespective of the word. Except for the young speakers' contours being located in a lower F0 region, they do not exhibit any striking differences. Once again, this is only a very limited selection of exemplars, but most of the observations stated here apply to the other three and four syllable words. It appears as if F0 is not applied for lending prominence to the stressed syllable, but rather operates on the phrase level. Biggs predicts phrase stress to be on the penultimate syllable of the phrase. In the example of "kōrero" there appear to be three sentence-final exemplars in which distinct rise-fall F0 movements are realized in the middle of the word marked with arrows. For the vast majority of the target words, either flat or falling F0 contours (sentence-finally) are observed. 
Discussion and Conclusions
Our study prosodically examined speech data from three generations of Māori speakers. Utterances in the sub-corpora were selected based on frequent target words they contained. However, it has to be stressed that the relatively small size of the sample only permits tentative conclusions.
The three speaker groups exhibit rather similar timing properties as reflected by the durational distribution of syllables. In contrast, F0 contours appear to be different with respect to the phrase and accent components of the Fujisaki model. For this discussion it is in order to rather speak of global and local gestures of F0, as accent commands in Māori do not seem to be aligned with lexically stressed syllables as they are in forming pitch accents of Germanic languages, for instance, but rather indicate the onsets and offsets of prosodic groups and phrases as in Marathi [20] or Hindi [21] , for instance. As indicated by the example of the word "kōrero", phrase stress seems to be marked by F0 irrespective of the lexical stress position.
There are significant differences with respect to the range of global and local F0 excursions and the duration of prosodic groups as indicated by the duration of the underlying accent commands which is significantly shorter in the younger speakers who also employ a much narrower F0 range, reflected by smaller phrase and accent command amplitude Ap and Aa, respectively. It is possible that the plateau-shaped contours we found in many historical elders represent a specific speaking style and might indicate why they were more readily identified perceptually. The significant differences between the young group and the two elder groups were also found in the vowel study [12] . Future work will deal with a larger data set and the development of a prosodic model for reading style speech of a present-day elder. 
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